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VESICULAR-ARBUSCULAR MYCORRHIZAL
FUNGI AMONG DIFFERENT GROWTH
STAGES OF CECROPIA POLYPHLEBIA
(CECROPIACEAE)
Mandi Frerking
Department of Biology, Doane College – Crete, NE
ABSTRACT
Mycorrhizal fungi are important in the survival and growth of most plants, tropical trees in particular. Yet
little research has been done on the abundance of mycorrhizae throughout the life span of plants. I collected
root samples from 15 seedlings, 15 saplings, and 15 adults of Cecropia polyphlebia in order to determine
the variance in abundance of mycorrhizae among the three growth stages. Root samples were stained and
scored for vesicular-arbuscular mycorrhizae by comparing the number of infected roots to non-infected
roots. Three morphologies of mycorrhizae were observed under examination of stained roots; random,
hyphal, and sheathing infection. Two-way ANOVA’s and post-hoc analyses showed that there was no
significance among the three types of growth stages compared to the frequency of infection (p = 0.6626).
However, there were significant differences among the three types of infection (p = < 0.0001) and between
the type of leaf (growth stage) and the type of infection (p = 0.0001) and between the type of leaf (growth
stage) and the type of infection (p = 0.0001). Results indicate a relationship between optimal infection time
and type of fungal infection. This leads one to believe there may be a limited amount of mycorrhizae
allowed by the tree to maximize the tree’s own production.

RESUMEN
Los hongos micorrícicos son importantes para la supervivencia y el crecimiento de las plantas, los árboles
tropicales en particular. Solamente pocas investigaciones han sido hechas con la abundancia de las
micorrizas en todo la vida de una planta. Yo acumule las muestras de las raíces para 15 plantones, 15
pimpollos, y 15 adultos de Cecropia polyphlebia de determinar la diferencia en la abundancia de los tres
crecimientos. Las muestras de las raíces se las manche y las observé con los hongos micorrícicos para
comparar el número de raíces infectadas y las raíces no infectadas. Tres de las morfologías de raíces se
observaban: al azar, la hyphal, y revestimiento infección. Análisis 2-way ANOVA y Fisher’s Post-hoc
mostraron que no había una relación entre los tres tipos del crecimiento (p = 0.6626). Sin embargo, había
unas relaciones entre los tres tipos de la infección (p = < 0.0001) y entre los crecimientos y los tres tipos de
la infección (p = 0.0001). Los resultados muestran una conexión entre el mejor tiempo para infección y el
tipo de la infección. Esto le hace creer a una persona que hay una cantidad limitada de micorrizas permitida
para que el árbol de su máxima producción.
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INTRODUCTION
Vesicular-arbuscular mycorrhizal fungi (Endogonaceae) play a key role in the
development of tropical plants (Janos et al. 1994). Mycorrhizae are mutualistic fungi;
found associated with plant roots that increase a host’s water and mineral uptake in
exchange for energy-supplying carbon compounds (Janos 1983). Host plants benefit by
receiving aid in acquiring water and mineral nutrients, which results in increased rates of
photosynthesis, improved root resistance to pathogens, and increased root longevity (Janos
et al. 1994). Vesicular-arbuscular mycorrhizae (VAM) are the most common type of
mycorrhizal fungal association, differing from all other mycorrhizal fungi by exhibiting
dimorphic hyphae (“…ephemeral, narrow, thin-walled, clear hyphae that may be saptate,
arise from unilateral angular projections on large-diameter, thick-walled aseptate hyphae
that are often yellow or brown. “Janos 1983) and infection structures called vesicles and
arbuscles (Janos 1983 and 1984). These fungi are extremely efficient in mineral uptake
due to an extensive, well-distributed, absorbing network of substrate hyphae. Compared to
root hairs, which perform a similar function, hyphae are better able to uptake immobile
ions, such as phosphorus and nitrogen (Janos 1983). Root hairs are in competition with
each other because their phosphorus-depletion zones overlap more than those of the
hyphae. In many tropical trees, root hairs are scarce or completely lacking (Janos 1983).
This lack of root hairs in tropical trees may indicate a greater dependence on mycorrhizae
than in temperate plants.
The poor soil quality in most areas of the tropics makes VAM a necessity for the
plants that live there. However, in soils with temporarily increased nutrient levels (i.e.
sites of slash and burn, volcanic ash deposits, and possibly tree fall gaps); mycorrhizal
infection may be rejected by some plants (Janos 1983). The soil quality in these areas is
temporarily more nutrient-rich, making plants avoid the carbon costs of mycorrhizae by
using root hairs and profusely branched root systems for mineral and water uptake. A
seedling may not benefit from VAM at this point, but rather lose in terms of carbon costs
to the fungi. For a plant in this situation it may be more important to put the carbon into
new leaves and vertical growth.
Oxisols and Ultisols account for two-thirds of the world’s tropical soils (Janos
1987). These old, red, clay soils show generally good physical characteristics, such as
being well drained, but are chemically deficient as a result of years of leaching. They are
acidic, have a high potential for aluminum toxicity, low cation exchange capacities
leading to high leaching potential, and low availability of micronutrients (potassium,
phosphorus, calcium, magnesium, sulfur, and zinc) (Janos 1987). The soils of the
Monteverde area developed from weathered volcanic rock and ash deposits. These soils
maybe deep and dark colored, rich in organic matter, and low to moderate fertility.
However, where land is badly eroded, these soils are shallow, reddish, low in organic
matter, and low to very low in fertility (Haber, Zuchowski, and Bell 1996). These poor
soil conditions can greatly increase the stress on a plant. Effective VAM colonization of
roots can improve the stress tolerance of the plant and may provide a competitive
advantage to tree seedlings (Janos 1994).
Based on these facts, it is suggested that the abundance of VAM varies throughout
the life of a tropical tree. As a seedling, a pioneer tree may not need or benefit from VAM
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because it is already located in a temporarily nutrient-rich gap. As the tree grows to
sapling and mature ages, the soil becomes more nutrient stressed. Since the saplings and
adults do not need to grow as quickly at these ages, I predict that more VAM will be
present. Instead of having to invest carbon into new structures, as seedlings do, by older
stages the tree can afford to trade carbon for minerals and water (Janos 1996). Based on
these factors, I hypothesize that the growth stages of Cecropia polyphlebia (Cecropiaceae)
contrast in their relationship with VAM. As a tree ages, the proportional abundance of
VAM should also increase.

MATERIALS AND METHODS
The area of study included the lower montane wet forest of the Estación Biológica
Monteverde, Monteverde, Puntarenas Province, Costa Rica. The Estación lies at 1550m,
with a mean annual rainfall of about 2500mm (Haber, Zuchowski, and Bell 1996). Patches
of secondary forest and light gaps along the Sendero Jilguero and Cariblancos were sites
of data collection. All data were collected from October 23 to November 16, 1999.
Three growth stages of C. polyphlebia were identified: seedling, sapling and adult.
Plants were categorized based on the leaf stage exhibited. Small seedlings show simple,
alternate leaves with a serrate margin. Saplings have simple, alternate, trilobed, and finely
serrated leaves. Adults have very large, palmately lobed leaves.
Root samples were collected from 45 trees, 15 from each of the three growth
classes. Entire root systems were removed from seedlings and saplings, while small
superficial roots were taken from adults (as in Allen et al. 1998).
The roots were gently washed in tap water to remove excess soil, cut into one-two
centimeter segments, and placed in vials containing 2% KOH storage solution. All vials
were labeled according to class and tree number.
To observe VAM, the roots were stained using a technique modified from
Kormanik et al 1980. Before beginning the staining process, roots were cleared in 3%
H₂O₂ to remove the natural red color for one-two hours depending on the growth stage.
The samples were placed in test tubes half-filled with 10% KOH and then incubated in
boiling water for one half hour. After incubation the roots were poured into a screened
syringe and rinsed with tap water. Next, they were soaked in one percent HCI for 15
minutes. While the roots were soaking, the staining solution was heated to 75°C. The
staining solution consisted of 50% Glycerol, 1% HCI, and 0.05% Trypan blue, with a
dilution of two milliliters of glycerol: one milliliter of HCI: 2 drops of Trypan blue (3
drops for adult roots). The HCI was drained, refilled with the heated staining solution, and
incubated for 30 minutes. Roots were rinsed in distain solution (the recipe is the same as
the stain solution without the Trypan blue) until all trace of blue ran off. The final
products were stored in the distain solution.
Twenty segments from each root system were randomly chosen for scoring. When
there were fewer than 20 segments, all pieces were scored. The root segments were lined
up on slides and observed under 100 x magnifications on a compound light microscope.
The numbers of roots were counted with infection and without infection. There were three
different observed patterns of infection: those with random infection (small, dark, circular
objects randomly distributed throughout the root); those with hyphal infection (aseptate
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hyphae seen surrounding the root); and those with sheathing (dark stains surrounding the
root) infection. Tallies were kept among the three patterns of infection. After each
subsample of 20 segments was scored, they were weighed in grams on a digital scale and
placed back in the distain solution for storage.
2-Way Factorial ANOVA’s were used to look at the change of mycorrhizae
throughout the growth stages of Cecropia polyphlebia, to see if there is any significance in
the type of infection, and to look for significance between the growth stage and type of
infection (Table 1).

RESULTS
Non-normal data were transformed using the formula X’ = √X + 0.5. According to the 2Way ANOVA analysis, the frequency of mycorrhizae found in the roots of Cecropia
polyphlebia does not change significantly throughout the life of the tree (p = 0.6626)
(Table 2). Fisher’s Post-hoc analyses show no significance between any of the growth
stages (seedling, p = 0.6425; seedling; adult, p = 0.3652; sapling; adult, p = 0.6583). The
frequency of infection appears to be fairly constant among the three growth stages.
The type of infection found is, however, significant (2-Way ANOVA, p = <
0.0001). Fisher’s Post-hoc analyses show significance between random and sheathing (P =
< 0.001) and hyphal and sheathing type infections (p = < 0.0001), but no significance
between random and hyphal (2-Way ANOVA, p = 0.4730) (Table 3).
The type of infection compared to the growth stage is also very significant (2-Way
ANOVA, p = 0.0001). The means table (Table 4) shows the average frequency of the type
of mycorrhizae found in each of the three growth stages.

DISCUSSION
Cecropia polyphlebia appears to be opting for the best possible relationship among the
three morphologies of mycorrhizae throughout its life based on required needs for growth
and depending on the nutrition level of the soil. By growing in this fashion, C. polyphlebia
has proven to be a very efficient and successful colonizer of gaps and secondary patches
of forest.
Janos (1983) states that several species of VAM can simultaneously infect the same
host. Ectomycorrhizae are found exclusively on trees and lianas (Janos 1996). It is also
known that where ectomycorrhizae do occur, they dominate mycorrhizal communities
(Janos 1985). Ectomycorrhizal infections incur a higher carbon host than VAM and
therefore host reliance on the fungi may be great (Janos 1996). Considering that sheathing
was the most abundant of my findings, I suggest that this morphology represents
ectomycorrhizae.
It is thought that having such high abundances of ectomycorrhizae may limit
infection by other fungi. An alternative is for young plants to initially depend on VAM
and later in life switch to ectomycorrhizae (Janos 1996). Yet the mechanism by which this
switch occurs is still unclear. My results suggest that C. polyphlebia does not switch to
ectomycorrhizae because it is present and abundant in all three growth stages. It is
4

interesting to see that as the tree matures, there is a decrease in the abundance of random
infection and an increase of hyphal infection. This may be a strategy on the part of the tree
to maximize productivity of mycorrhizae. When mycorrhizal species are inefficient in
nutrient utilization over the range of soil fertilities that species naturally encounter, then
natural selection should cause the tree to reject mycorrhizal infection (Janos 1987). Trees
using these inefficient mycorrhizae will have lower fitness and, thus, lower reproductive
success. Over time, these trees will be selected against and the population will move
toward more being associated with more efficient mycorrhizae. This is apparent in my
observations of the relationship between random and hyphal infections. The abundance of
random mycorrhizae from seedlings to saplings to adults decreases in a linear fashion. The
amounts of hyphae seem to increase in relation to the decrease of random infection. The
point of change for greater dependence on hyphal infection to random infection is visible
in the Post-hoc analysis of these two infection types. There is little difference in frequency
of infections as random infection decreases and hyphal infection increases (Fig. 1).
The frequency of infection among the three growth stages did not change
significantly. It appears that VAM is needed throughout the entire life span of the plant.
This goes against my original hypothesis of variance in the abundance of mycorrhizae
through time. C. polyphlebia seems to have found an efficient relationship with these
fungi and may be unable to sustain themselves as the successful colonizers they have
become without this mutualistic association.
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Table 1. 2-Way ANOVA results for growth stage, type of infection, and growth stage
compared to type of infection of vesicular-arbuscular mycorrhizae in Cecropia polyphlebia
_________________________________________________________________________________

Growth Stage

Degrees of Freedom
2

F-Value
0.413

P-Value
0.6626

Type of Infection

2

59.385

< 0.0001

Growth Stage and
Type of Infection

4

6.159

0.0001

Table 2. Means table for growth stage of Cecropia polyphlebia
_______________________________________________________________________

Seedling
Sapling
Adult

Mean
0.877
0.885
0.894

Standard Deviation
0.128
0.111
0.139

Table 3. Means table for the type of mycorrhizal infection of Cecropia polyphebia
_____________________________________________________________________________

Random
Hyphal
Sheathing

Mean
0.820
0.833
1.003

Standard Deviation
0.081
0.092
0.110
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Table 4. Means table for growth stages compared to the type of mycorrhizal infection of
Cecropia polyphlebia

Seedling, Random
Seedling Hyphal
Seedling, Sheathing

Mean
0.868
0.774
0.989

Standard Deviation
0.093
0.064
0.117

Sapling, Random
Sapling, Hyphal
Sapling, Sheathing

0.822
0.864
0.970

0.062
0.098
0.113

Adult, Random
Adult, Hyphal
Adult, Sheathing

0.771
0.862
1.049

0.053
0.087
0.087
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